Purpose Anterior knee pain after total knee arthroplasty (TKA) remains a widely discussed postoperative complication. In contrast to sports traumatology, the role of the dissected medial patellofemoral ligament (MPFL) using a medial parapatellar approach in TKA has not been discussed so far. In the present study, it was hypothesized that the attempted repair of the MPFL in TKA by simple closure of the joint capsule may not be successful in some cases, causing anterior knee pain. Furthermore, it was hypothesized, that the success of repair might be influenced by femoral component rotation. Methods Forty patients received their TKA in a ligamentbalanced and forty patients in a conventional measuredresection technique. After implantation of the TKA using a medial parapatellar approach, two titan clips were attached on both sides of the capsule incision. 3 days and 3 months after surgery, the dehiscence of the two clips was measured on skyline patella radiographs; additionally patellar tilt, shift, the Knee Society Score and the Feller Score were obtained. Results 48 patients showed an increase of capsule dehiscence. Patients with a capsule dehiscence of more than 4 mm showed significantly less improvement in the Feller score 3 months postoperatively than patients with a capsule dehiscence B4 mm. Regarding the radiological measurements and the clinical outcome, no significant difference between the ligament-balanced and the measured-resection group was found. Conclusions The present results suggest that the successful repair of the MPFL after using a medial parapatellar approach in TKA could reduce the high rate of postoperative anterior knee pain. Furthermore, the appearance of capsule dehiscence and anterior knee pain does not seem to be dependent on the used operative technique.
Introduction
As one of the major complications in total knee arthroplasty (TKA), anterior knee pain is reported in up to 20% whereas maltracking of the patella is considered the main reason in many recent investigations [7, 16, 24, 37] . Recent studies emphasize that the appearance of anterior knee pain and patellar maltracking is caused by rotational malalignment of the femoral and/or tibial component [2-4, 15, 19, 21, 25, 31] . An internally rotated femoral component in particular seems to contribute to altered patellofemoral kinematics and is linked to the appearance of postoperative anterior knee pain [5, 11] . Loss of the medial patellofemoral ligament (MPFL) during a conventional medial parapatellar approach may cause instability and anterior knee pain. Considering the reconstruction of the biomechanical principles of the patellofemoral articulation, the MPFL is stated as an important patella stabilizing structure, especially in early flexion angles, showing a non-isometric behavior. Its correct and tensionfree reconstruction is widely discussed and plays an important role in patients suffering from patella instability [30] . Furthermore, the MPFL is recognized as one of the ''main pain generator'' in knees [20] and stated to be very sensitive to surgical procedures and biomechanical changes [10] . Also in TKA the patellofemoral articulation has been frequently stated to be a significant contributor to a successful operation [22] . A not well balanced patella with an insufficient reconstruction of the medial joint capsule, including the MPFL in TKA, might lead to such biomechanical changes and might become apparent as a dehiscence of the medial joint capsule. However, a possible dehiscence of the medial joint capsule caused by dissecting the MPFL in TKA using a medial parapatellar approach has not been investigated so far. In the present study, it was hypothesized that the dissection of the MPFL in TKA leads to patellar maltracking and a consecutive dehiscence of the medial knee joint capsule resulting in postoperative anterior knee pain. To address component rotation as an additive factor with regard to patella maltracking and capsule dehiscence, it was further hypothesized that ligament-balanced femoral component rotation leads to less postoperative capsule dehiscence when compared to knees implanted in a conventional measured-resection technique.
Materials and methods
The present exploratory, hypothesis generating study was approved by the local ethical committee of the Medical University of Regensburg (Ethic Committee Approval Nr.: 12-101-0146). Between February 2013 and February 2014, 80 patients with primary osteoarthritis (Kellgren/Lawrence Score III°-IV°) of the knee were recruited, designated for TKA. All patients received a TKA with fixed platform (PFC Sigma, DePuy; Warsaw, Indiana). By block randomization, 40 patients received their TKA in a ligamentbalanced technique using computer navigation (BrainLAB, Feldkirchen, Germany) and in 40 patients the knees were implanted in a conventional measured-resection technique with the femoral component in 3°of external rotation in correlation to the posterior condylar line. Exclusion criteria were chosen typically for TKA investigation settings (see Table 1 ); additionally excluded were anatomical deformities affecting the patellofemoral articulation such as patellar dysplasia and torsional or rotational malalignement.
The patient population consisted of 31 men and 39 women with an average age at the time of surgery of 67 years (SD 9.2, range 42-88).
Surgical procedure
After a midline skin incision, a standard medial parapatellar approach was performed. The joint capsule was marked at standardized locations using a waterproof pen to assure later anatomical closure. In the ligament-balanced group, a conventional computer navigation system was used (BrainLab; Feldkirchen, Germany). Two passive optical reference arrays were secured onto the distal medial femur and the proximal medial tibia. After referencing the hip centre by circumduction, the landmarks needed for femorotibial kinematics by the navigation system were digitized. After removal of osteophytes at the medial and lateral compartment, the tibial cut was performed and a double tensiometer inserted in 0°of extension and 90°of flexion with a distraction force of 90 N. In the frontal plane, zero degrees between femoral and tibial mechanical axis were aspired. The flexion gap was adapted through bony cuts by the navigation software to achieve ligament balancing. No ligament release was necessary due to well-aligned knees. The femoral component rotation was set by ligament balancing and the rotation of the tibial component was set to the medial third of the tibial tubercle [5] . In the conventional TKA group, the femoral component was set to 3°of external rotation relative to the posterior condylar line by means of a measured-resection technique. A patelloplasty (bony reduction of the facet edges and smoothening of the original patellar shape) was performed in every knee. After anatomical closure of the joint capsule at the prior marked locations, two titan clips (CEATEC; Wurmlingen, Germany) used to clip bleeding blood vessels were attached on both sides of the capsule incision at the most central aspect of the patella ( Fig. 1 ) as used in previous investigations for postoperative radiological distance measurements [33, 34] . 
Follow-up and radiographic evaluation
The validated Knee Society Score and the Feller Score (Table 2) were obtained from all patients as diseasespecific outcome instruments preoperatively, 3 days and 3 months after surgery. Assessment of all patients in both groups was performed by one orthopaedic surgeon, and the examiner was kept blinded to the used surgical technique of the patients at all times. Patellar tilt, shift and the dehiscence of the two attached vessel clips were measured on skyline patella view plain radiographs 3 days and 3 months after surgery using a scaling ball attached at the lateral margin of the patella in the same plane as the titan clips (Figs. 1, 2) . Measurements of patellar tilt and shift were performed using the technique described by Heesterbeek et al. [14] . An increase of the clip distance of 5 mm or more was deemed a failure of the capsule suture and stated as clinical relevant according to Heesterbeek et al. [13] . Follow-up measurements were performed 3 days postoperatively, before physiotherapy was started and 3 months postoperatively when the patients were able to return to daily life. During follow-up, four patients had to be excluded due to a bad visualization of the titan clips in the postoperative patella radiographs and in three knees the titan clips dislocated. In summary, seven patients had to be excluded from the study protocol, and 35 patients were analyzed in each group.
Statistical analysis
All continuous data are presented as means [standard deviation (SD), min-max]. Changes of KSS score and Feller score were compared by Welch's t test, while clip dehiscence, patellar tilt and patellar shift were compared by Wilcoxon Mann-Whitney U test. A p value \0.05 was considered statistically significant. All analyses were performed using R 3. 
Results

Capsule dehiscence
Radiological measurements
An increase of capsule dehiscence between 0 and 4 mm was found in 48 patients while five patients showed more than 4 mm dehiscence between the radiological measurement 3 days and 3 months postoperatively.
Clinical outcome
Patients with a capsule dehiscence of more than 4 mm showed significantly less improvement in (Fig. 3) . 
Measured-resection vs. ligament-balanced
Radiological measurements
The ligament-balanced group showed a mean increase of dehiscence of the two clips between 3 days and 3 month postoperatively of 1 mm (SD 1.6, range 0-6), while the conventional group resulted in a mean increase of dehiscence of 1.7 mm (SD 1.9, range 0-6). This resulted in a tendency of less dehiscence in the ligament-balanced group (p = 0.08) without statistically significant difference (Fig. 4) . In the ligament-balanced group, a mean delta of patellar tilt of 4.5°(SD 3.2, range 0.2-13.2) and in the conventional group 3.9°(SD 3.9, range 0-18.3) was found. Between both groups, no significant difference in change of patellar tilt between the 3 days and 3 months postoperative measurement could be found (p = 0.30). For patellar shift delta, a mean of 1.8 mm (SD 1.6, range 0-6) in the ligament-balanced group and 2.2 mm (SD 2.1, range 0-8 mm) in the conventional group was found. Again, no significant difference between both groups could be found (p = 0.58).
Clinical outcome
No statistically significant difference in clinical outcome (Feller score, KSS) between the measured-resection group and the ligament-balanced group could be found.
Discussion
The most important finding of the present study was that the dissection of the MPFL in TKA leads to a postoperative medial capsule dehiscence resulting in a worse postoperative outcome. Therefore, the first hypothesis could be confirmed. No difference regarding the amount of capsule dehiscence between the ligament-balanced and measuredresection technique could be found. For that reason, the second hypothesis was rejected. The MPFL plays an important role regarding the stabilization of the patella in knee surgery. However, the influence of the dissected MPFL in TKA, using a medial parapatellar approach, regarding patellar stability and patellar kinematics has not been investigated so far. Furthermore, the rotation of the femoral component in TKA shows a large variability between individuals, regardless of whether choosing a measured-resection or a ligament-balanced technique [1, 6, 8, 9, 27-29, 35, 36] . In a recent cadaveric investigation, the best re-establishment of patellar kinematics could be found in TKAs implanted in a ligament-balanced technique compared to different rotations in a conventional measured-resection technique [18] .
A not physiological femoral component rotation may lead to increased stress on the MPFL and the medial joint capsule [12] . In the present study, it was hypothesized that a dissection of the MPFL leads to a weakness of the medial patellar stabilizers and a consecutive dehiscence of the medial joint capsule closure after TKA, which might result in postoperative anterior knee pain and a worse clinical outcome. Furthermore, it was hypothesized that there is a difference in joint capsule dehiscence between a measured-resection technique and a ligament-balanced technique in TKA.
In the present investigation, a statistically significant lower Feller score in about 10% of the patients was found, who had a capsule dehiscence of 5 mm or more between 3 days and 3 months postoperatively, regardless of the used surgical technique. Therefore, the results of Meftah and Ranawat could be confirmed who claimed the development rate of ''new-onset'' anterior knee pain to be about 10% as well [23] . When comparing a measured-resection and ligament-balanced group in a CT controlled study, Nikolaides et al. found no significant difference in terms of postoperative rotational alignment of the femoral component [26] . In accordance, no significant difference in capsule dehiscence or clinical outcome comparing the two groups could be found in the present investigation. As a different method for setting the femoral component rotation, the orientation according to the Whiteside line or using trochlea navigation as stated by Piriou et al. remains an option [27] . However, further investigations have to show, if these techniques result in less capsule dehiscence compared to the conventional techniques. Another interesting fact is that the KSS as a global knee score showed no significant difference regarding the capsule dehiscence, while we could found significant differences using the patella-specific Feller score. The MPFL has been demonstrated to contribute 60% of the force that opposes lateral displacement of the patella, and MPFL injury results in an approximately 50% reduction in the force needed to dislocate the patella laterally with the knee extended [38] . The results of the present investigation underline these findings and the importance of medial capsule stabilization by the MPFL. The used technique to mark both sides of a dissected soft tissue with titan clips has been described previously to correlate the degree of separation with pain and/or function [17, [32] [33] [34] .
Due to the large variability of femoral component rotation in TKA, it might be necessary to consider augmentation of MPFL even in TKA, in order to increase lateral restraining forces. By dissecting the MPFL when using a medial parapatellar approach, surgeons should be aware of secondary capsule dehiscence.
This study has several limitations. The used technique was not proofed for reproducibility. Furthermore, the measurements were performed by one blinded examiner. Therefore, it was not possible to calculate interobserver reliability. For that reason, deviations in measurement can be stated as possible confounding variables. Due to bad visualization of the inserted titan clips, some patients had to be excluded from the study protocol. Additionally, the radiograph scaling ball had to be placed in the exact plane of the titan clips, at the most medial margin of the patella, to achieve a precise measurement of the clip distance. Due to the above-mentioned measurement limitations, a deviation in measurement can be stated as a possible bias. Furthermore, a longer intervention interval would be desirable. Due to the complex study protocol and the small patient groups, a further re-consultation would have minimized our study cohort. Nevertheless, after 3 months the scar tissue is healed sufficiently and a possible capsule dehiscence measureable. With a group size of 35 patients, no significant difference in clinical outcome or radiological measurement could be found. Of course, a larger group size would be desirable to confirm these findings. Further clinical trials with larger patient cohorts seem to be necessary to confirm the present results and to evaluate a possible benefit of an MPFL reconstruction or augmentation in TKA in relation to the used operative technique.
Conclusion
Using a medial parapatellar approach, surgeons should focus on medial capsule tension regardless of the used technique in TKA to avoid patellar maltracking, secondary capsule dehiscence and worse clinical outcome.
